Objective: Previous studies have estimated that wake-up strokes comprise 8% to 28% of all ischemic strokes, but these studies were either small or not population-based. We sought to establish the proportion and event rate of wake-up strokes in a large population-based study and to compare patients who awoke with stroke symptoms with those who were awake at time of onset.
IV tissue plasminogen activator (tPA) remains the only medication approved by the Food and Drug Administration for the treatment of ischemic stroke. The original National Institute of Neurological Disorders and Stroke study restricted tPA use to 3 hours following known symptom onset, 1 and the recent European Cooperative Acute Stroke Study 3 study extended that window to 4.5 hours in selected patients. 2 Patients who go to sleep healthy and wake up with symptoms beyond this time window are not eligible for treatment based on these time restrictions. Previous studies have estimated that wake-up strokes comprise 8% to 28% of all ischemic strokes, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] but these studies either were not population-based or were relatively small. Some of these studies have suggested differences between wake-up strokes and non-wake-up strokes, reporting that wake-up strokes had greater initial stroke severity 6, 13 and were more likely to have a poor outcome, 10, 13 while other studies have found no appreciable differences. 8, 9 We sought to establish the proportion and event rate of wake-up strokes within a large biracial population and to evaluate possible differences between wake-up and nonwake-up strokes. We also sought to establish how many patients with wake-up strokes would have been eligible for tPA if time were not a factor.
METHODS The Greater Cincinnati/Northern Kentucky region includes 2 southwestern Ohio counties and 3 contiguous Kentucky counties bordering the Ohio River. Its biracial population of approximately 1.3 million is largely representative of the United States in terms of age, proportion of black subjects, and economic status. 15 There were 17 hospitals active in this area in 2005. While residents of surrounding counties may seek care at these hospitals, only residents of the 5 study counties were eligible for this analysis. Previous studies have shown that residents of these 5 counties who have a stroke seek care at these hospitals rather than going to more distant hospitals. 15
Standard protocol approvals, registrations, and patient consents. This study was approved by the Institutional Review
Board of all participating hospitals.
A detailed description of the epidemiologic methods employed for the Greater Cincinnati/Northern Kentucky Stroke Study has been described previously. [15] [16] [17] Briefly, study nurses abstracted the medical records of all area residents who were either inpatients or discharged from an emergency department (ED) with primary or secondary stroke-related International Classification of Disease, ninth revision, discharge diagnoses 430 -436 at the 17 area hospitals. Strokes not found through this methodology were ascertained via screening of all stroke-related visits to public health clinics, hospital-based outpatient clinics, and family practice centers. Further monitoring involved examination of records of potential stroke cases in a random sample of 51 of the 832 primary care physicians' offices and 25 of the 126 nursing homes in the Greater Cincinnati/ Northern Kentucky region.
To qualify as a case, a patient must have met clinical criteria adapted from the Classification of Neurological Disorders III 18 and from previous epidemiologic studies of stroke in Rochester, MN. 19 Charts were screened for an additional 60 days beyond the end of the study period to capture patients with a stroke during the study period but not yet discharged from the hospital. A study physician reviewed every abstract and all available neuroimaging studies to determine whether a stroke had occurred.
We restricted the present study group to adult patients (age 18 years and older) with acute ischemic stroke who presented to an ED because thrombolysis outside an ED setting is difficult. Both first-time and recurrent ischemic stroke events were included. Transient ischemic attacks, defined as symptoms lasting less than 24 hours without neuroradiologic evidence of infarction, were not included in this analysis. The onset of stroke symptoms had to occur within the calendar year 2005.
The abstractors recorded the date and time of stroke onset, if known. If onset time was unknown, the following mutually exclusive options were available for estimation of onset: "awoke with symptoms," "presentation Ͼ24 hours after onset time," "after midnight" (defined as 00:01 AM to 06:00 AM), "morning" (06:01 AM to noon), "afternoon" (12:01 PM to 18:00 PM), and "evening" (18:01 PM to midnight). Stroke severity was represented by using a validated method 20,21 for estimating the NIH Stroke Scale Score retrospectively (rNIHSS) by review of the physician examination as documented in the emergency department evaluation. Clinical outcome was assessed using hospital discharge modified Rankin Scale scores (mRS) and 90-day mortality rates.
The abstractors also recorded data corresponding to non-timerelated exclusion criteria for IV thrombolysis. Patients were considered eligible for tPA if they met the standard inclusion/exclusion criteria as per the current standard of care. 22 Variables pertinent to tPA exclusion that were not uniformly gathered in our abstracting process include history of head trauma, history of gastrointestinal or urinary tract hemorrhage within 3 months, arterial puncture at a noncompressible site in the previous 7 days, and evidence of active bleeding or acute trauma on examination.
Data were managed and analyzed using SAS ® , versions 8.02 and 9.2, respectively (SAS Institute, Cary, NC). Population estimates were obtained by including sampling weights in all analyses. The relationships of demographic and clinical characteristics with stroke type (wake-up and non-wake-up) were analyzed with generalized estimating equations (GEE) to account for multiple stroke occurrences in some patients as well as for the sampling weights for the cases ascertained from physicians' offices and nursing homes. 23 The working correlation structure that gave the best model fit was obtained. A binary or multinomial distribution was specified for categorical variables, as appropriate. Multiple logistic regression analysis with GEE was used to examine outcome differences between wake-up strokes and strokes that occurred when the patient was awake after adjusting for age, sex, race, prestroke mRS, rNIHSS, and prior atrial fibrillation. Covariates were determined a priori, as having been shown to be associated with the outcome in other studies, or if differences were observed between wake-up and non-wake-up strokes at a p value Ͻ0.25. We also calculated an event rate for wake-up strokes presenting to an ED with age, sex, and race adjustment to the 2000 US Census. The event rate was calculated for adults only (age Ն18). Extrapolation to the US population was based on an estimated total population of 296 million in 2005, 24 with approximately 25% of the population younger than 18. 25 Data are reported as raw quantiles, raw frequencies with weighted percentages, and weighted means and standard errors.
RESULTS
We identified 1,778 adult area residents, with 1,854 first-ever and recurrent ischemic strokes that were first evaluated in an ED in 2005; 273 wake-up strokes (14.3%, 95% confidence interval [CI] 12.7-15.9) occurred in 271 subjects. Seventythree patients had more than one stroke identified during 2005; 70 patients had 2 strokes reported during the year and 3 patients had 3 strokes. Eighteen patients had both a wake-up stroke and a nonwake-up stroke during the year. The exact times of stroke onset and arrival to the ED were recorded for 637 non-wake-up strokes, of which 428 presented to the ED within 3 hours of onset and 209 presented beyond 3 hours of stroke onset. Of the 944 nonwake-up strokes without a documented time of onset to arrival, 362 had an estimated time of stroke in one of the 6-hour windows, 358 presented to the ED greater than 24 hours after onset, 219 had no estimate of stroke onset, and 5 had no recorded time of arrival to the ED. There were 11 cases ascertained through out-of-hospital surveillance. The adjusted event rate of wake-up strokes presenting to an ED was 26.0/100,000 (95% CI 22.9 -29.1).
A comparison of the baseline characteristics of wake-up stroke patients with all others is found in table 1. Compared with the non-wake-up stroke group, wake-up stroke patients were older (72.3 Ϯ 0.83 years vs 70.0 Ϯ 0.48 years; p ϭ 0.01) and had higher baseline rNIHSS scores (median [IQR] ϭ 4 [2, 8] vs 3 [2, 7] ; p ϭ 0.004). There were no differences between the groups with regard to sex, race, marital/partner status, residence at home, stroke risk factors, or estimated prestroke mRS. None of the patients in the wake-up group received tPA, while 80 (4.9%) of all non-wake-up strokes received tPA. Table 2 compares the eligibility for thrombolysis, with time eliminated as an exclusion criterion, for the wake-up and non-wake-up strokes. The most common exclusion in both groups was a mild stroke, as more than half of the patients in each group had rNIHSS scores Ͻ5. The number with mild stroke was significantly higher in the non-wake-up strokes ( p ϭ 0.004). Extreme hypertension and coagulopathies were also common exclusions. In the wake-up group, 98 (35.9%, 95% CI 30.4 -41.8) patients would have been eligible for thrombolysis, compared with 406 (25.0%, 95% CI 22. 8 -27.4) in the nonwake-up group ( p Ͻ 0.01).
With regard to short-term outcomes, there were no significant differences in the discharge mRS scores or 90-day mortality after adjusting for age, sex, race, prestroke mRS, rNIHSS, and prior atrial fibrillation between the wake-up and non-wake-up groups. Ninety-day mortality rates were 15.8% in the wake-up group and 15.6% in all others ( p ϭ 0.57). Median discharge mRS was 3 in both the wake-up group and all others ( p ϭ 0.94).
The previous analysis assumed that the 219 strokes with no estimate of stroke onset time were non-wake-up strokes. In order to evaluate the potential for misclassification, the data were reanalyzed with the assumption that the 219 were wake-up strokes. With this reclassification, the only change was that baseline rNIHSS was no longer significantly different between the 2 groups (median rNIHSS [IQR] was 4 [2, 8] for wake-up and 3 [2, 7] for non-wake-up, p ϭ 0.70; the percentage with rNIHSS Ͻ5 was 57% for wake-up and 61% for nonwake-up, p ϭ 0.20). Therefore, potential misclassification of strokes with unknown stroke onset times did not affect the conclusions drawn from this study. DISCUSSION Wake-up strokes comprised approximately 14% of ischemic stroke cases that presented to an ED in the Greater Cincinnati/Northern Kentucky population in 2005. Aside from minor differences in age and baseline rNIHSS, we did not find significant differences between wake-up strokes and all other ischemic strokes with regard to baseline demographics, risk factor profiles, or clinical outcome. Based upon extrapolation from our data, we estimate that approximately 58,000 patients with wake-up ischemic strokes presented to an ED in the United States in 2005. Our data suggest that at least a third of the wake-up strokes would have been eligible for IV tPA if time were not a factor and thus represent a group of patients that could be a focus for future trials of acute therapy.
In the past 20 years, several large studies have reported that the proportion of wake-up stroke ranges from 14% to 28%. 3, [5] [6] [7] [8] [9] [10] 13, 14 The CASPR investigators reported in their survey of 11 hospitals in 5 different population regions of California that 8% of strokes were wake-up. 11 A few smaller communitybased studies have also been performed. Investigators included 375 patients from a single Italian territory with a population of about 50,000. The authors Table 1 Baseline clinical characteristics of wake-up vs non-wake-up strokes a Wake-up (n ‫؍‬ 273) Given tPA, n (%) 0 (0) 80 (4.9)
Abbreviations: CAD ϭ coronary artery disease; rNIHSS ϭ NIH Stroke Scale score estimated retrospectively; tPA ϭ tissue plasminogen activator. a n Refers to the number of stroke events. Denominators may vary slightly due to missing/ unknown data. Data are reported as raw quantiles, raw frequencies with weighted percentages, and weighted means and standard errors. b p Value based on ranks.
found that wake-up strokes occurred in 18% of their patients but noted that many of these patients did not have a head CT, and therefore it is unclear how many of these cases were true acute ischemic strokes. 4 Investigators in the Netherlands found that 48 of 263 patients (18%) had wake-up strokes over the course of 3 months in a population of 520,000. 12 Our study reports a similar proportion of wake-up strokes with the advantage of a larger, biracial population of 1.3 million. The limitations of time-based therapy and the possibility that some patients with wake-up strokes may benefit from treatment have prompted investigations into possible interventions for this group of patients. The AbESTT investigators initially included wake-up strokes as part of the eligible study population but stopped enrolling these patients because the rate of symptomatic ICH with study treatment was unacceptably high. 26 Other investigators have reported better results in small, retrospective studies. 27, 28 Current trials utilizing multimodal imaging to better select patients beyond the standard time window, including those who wake up with their symptoms, are ongoing. [29] [30] [31] [32] A significant strength of this article is the population-based methodology. Our study is the largest population-based study of stroke incidence in the United States, and our largely representative population allows us to quantify the problem of wake-up strokes on a national scale. Studies from single centers or major academic centers are subject to referral bias.
There are some limitations to this study. The study is retrospective in nature and, despite best efforts at complete case ascertainment, it is possible that some cases were missed despite the surveillance methods in place. Furthermore, this study included only acute ischemic stroke patients who presented to an ED and did not include those evaluated only in other settings. Another potential problem is misclassification bias with regard to timing. Approximately 12% of the strokes in our population did not have a clear or estimated time of onset, and if some or all of these cases were wake-up strokes the event rate could increase substantially. Underdocumentation bias is a potential problem in an ED setting because subjects who were clearly not treatment candidates might not have had as thorough neurologic examinations or rigorous documentation of treatment exclusions as potential candidates. Finally, our estimation of patients eligible for treatment is a conservative underestimate of those eligible, since many treating physicians regard NIHSS Ͻ5 and elevated blood pressure (among others) as relative rather than absolute contraindications for tPA treatment. Indeed, the 2007 acute stroke treatment guidelines do not recommend using a strict NIHSS cutoff for thrombolysis but rather recommend treatment for disabling symptoms.
Our study indicates that there are no obvious distinguishing features between wake-up and nonwake-up strokes. Wake-up strokes constitute a significant percentage of ischemic strokes and are ineligible for thrombolytic therapy due to the current time-based restrictions, which is unfortunate because it is likely that some of these events occurred immediately prior to awakening. Efforts are ongoing to develop better methods of identifying those patients most likely to benefit from treatment while at the same time minimizing exposure to undue risk. Abbreviations: AVM ϭ arteriovenous malformation; ICH ϭ intracerebral hemorrhage; INR ϭ international normalized ratio; IVH ϭ intraventricular hemorrhage; rNIHSS ϭ NIH Stroke Scale score estimated retrospectively; PTT ϭ partial thromboplastin time; SAH ϭ subarachnoid hemorrhage; tPA ϭ tissue plasminogen activator. a A patient with stroke could have more than one exclusion criterion. Denominators may vary slightly due to missing/unknown data. Data are reported as raw frequencies with weighted percentages. b p Value based on exact test due to zero counts in the wake-up group.
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